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ANALYSIS OF THE POTENTIAL OF LIBS TECHNIQUE IN ESTIMATING SOIL AGE
Abstract 7KH VWXG\ RI FKURQRVHTXHQFH LV RI IXQGDPHQWDO LPSRUWDQFH IRU XQGHUVWDQGLQJ WKH GHYHORSPHQW RI
VRLOVRYHUORQJSHULRGVIURPGHFDGHVWRWKRXVDQGVRI\HDUV7KHVRLODJHIRUPDWLRQLVUHODWHGWRWKHTXDQWLW\RI
DYDLODEOHQXWULHQWV IRUSODQWV8VXDOO\VRLODJHGHWHUPLQDWLRQ LV ODERULRXVDQGFDQEHSHUIRUPHGE\ WHFKQLTXHV
VXFKDVD UHPRYDORI WUHH ULQJVDQG &DQDO\VLVRIPHGLDQKRUL]RQVZKLFKKDYH ORZDFFXUDF\DQGKLJKFRVW
UHVSHFWLYHO\,QWKLVVWXG\/,%6ZDVHPSOR\HGDVDQDOWHUQDWLYHWRHVWLPDWHWKHDJHRIVRLOVWKURXJKHPLVVLRQOLQHV
RIFKHPLFDOHOHPHQWV LQ WKHVDPSOHV WKXVUHGXFLQJDQDO\VLV WLPH%\PHDQVRIDVWDWLVWLFDO WHVW IRUFRPSDULQJ
DYHUDJHV 7XNH\¶V7HVWZHIRXQG WKDWVHYHUDOHPLVVLRQ OLQHVFRQWULEXWH WRGLIIHUHQWLDWLQJJURXSVRIVRLODJHV
$IWHUDSSO\LQJSULQFLSDOFRPSRQHQWDQDO\VLV3&$WRZKROHVSHFWUDJURXSVRIGLVWDQWDJHVZHUHGLVWLQJXLVKHG
EXWFRQIXVLRQZDVREVHUYHGEHWZHHQVRLOVRIPHGLDQDJHV
Keywords: ODVHULQGXFHGEUHDNGRZQVSHFWURVFRS\/,%6FKURQRVHTXHQFHVRLODJH
1. Introdução
$IRUPDomRGRVRORSHGRJrQHVHpXPDDomRFRPELQDGDGHSURFHVVRVTXtPLFRVItVLFRVHELROyJLFRV
WDLVFRPRFOLPDPDWHULDOGHRULJHPRUJDQLVPRV WHPSRHUHOHYR$RUGHPHLQWHQVLGDGHGHVVHVIDWRUHVGHWHU-
PLQDPRWLSRGHVROR*2/'%(5*0$&+$,/'XUDQWHDSHGRJrQHVHRFRUUHPDOJXPDVGDVSULQFLSDLV
PXGDQoDVQDVSURSULHGDGHVGRVRORGHYLGRjYDULDomRJUDGXDOGDGLVSRQLELOLGDGHGHHOHPHQWRVFRPRRIyVIRURHR
QLWURJrQLR(VWDVYDULDo}HVRFRUUHPFRQIRUPHRDXPHQWRGDLGDGHGRVRORHGHYLGRjHURVmROL[LYLDomRHDomRGH
PLFURUJDQLVPRV$VFURQRVVHTXrQFLDVVmRVRORVTXHWHPRPHVPRPDWHULDOGHRULJHPFOLPDWRSRJUD¿DHYHJHWD-
omRPDVGLIHUHPQDVXDLGDGHGHIRUPDomR2HVWXGRGHVWDVSHUPLWHDYDOLDURGHVHQYROYLPHQWRGHVRORVGXUDQWH
ORQJRVSHUtRGRVGHWHPSR7851(5
&DOFXODUDLGDGHGRVRORpXPWUDEDOKREDVWDQWHFRPSOH[R$OJXPDVWpFQLFDVHPSUHJDGDVDWXDOPHQWHSDUD
HVWH¿PQHFHVVLWDPGDUHWLUDGDGHDQpLVGHWURQFRVGHiUYRUHSDUDDQiOLVHHVmRFRPXPHQWHXWLOL]DGDVSDUDDDQi-
OLVHGHVRORVMRYHQV3DUDDQiOLVHGHVRORVDQWLJRVDWpFQLFDHPSUHJDGDpDDQiOLVHGH&GHKRUL]RQWHVPHGLDQRV
7851(5$PEDVDVWpFQLFDVQmRSHUPLWHPERDDFXUiFLDMiTXHpGLItFLOQmRDSHQDVHQFRQWUDUiUYRUHV
QDWLYDVGHVGHDIRUPDomRGHVWHVRORFRPRWDPEpPDQDOLVDU&GRVKRUL]RQWHVPHGLDQRVHPVRORVMRYHQV9LVDQGR
EXVFDUDOWHUQDWLYDVSDUDGHWHUPLQDULGDGHVGHVRORVHVWHHVWXGRDYDOLRXRSRWHQFLDOGDWpFQLFD/,%6DFU{QLPR
GR LQJOrVLaser-Induced Breakdown SpectroscopyFRPRXPDIRUPDDOWHUQDWLYDGHVHREWHUHVWDHVWLPDWLYDGH
PDQHLUDPDLVVLPSOHVHUiSLGD/,%6pXPDWpFQLFDSURPLVVRUDSDUDDQiOLVHGHVRORVH WHPVLGRXWLOL]DGDSDUD
DQiOLVHVTXDOLWDWLYDVHHPDOJXQVFDVRVTXDQWLWDWLYDVGHQXWULHQWHVFRQWDPLQDQWHVGHFRQFHQWUDomRGHFDUERQRH
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GHWHUPLQDomRGHPHWDLVSHVDGRVHPVRORVSRLVSHUPLWHREWHUUDSLGDPHQWHUHVXOWDGRVUHODFLRQDGRVjFRPSRVLomR
TXtPLFD1,&2/2'(//,HWDO&5(0(56HWDO$OpPGLVVRHVWHPpWRGRSRVVLELOLWDDDQiOLVHin 
situGRVRORQHFHVVLWDGHSRXFRRXQHQKXPSUHSDURGDDPRVWUDHDWpRPRPHQWRQmRWHPVLGRH[SORUDGDSDUD
GHWHUPLQDULGDGHGHVRORV
2. Materiais e Métodos
2.1. Solos estudados e preparo de amostras
2VVRORVHPHVWXGRVmRSURYHQLHQWHVGD1RYD=HOkQGLDHWHPIRUPDomRGHFRUUHQWHGHDWLYLGDGHVYXOFkQL-
FDVWHUUHPRWRVHDODJDGRV+iXPWRWDOGHRLWRFRUGLOKHLUDVGHGXQDVFRPLGDGHVGH
%3GRLQJOrVBefore Present)VHQGRDGDWDUHIHUrQFLDRDQRGH)$,5%$1.6HWDO7DLV
LGDGHVIRUDPHVWLPDGDVWDQWRSHORPpWRGRGRVDQpLVGHiUYRUHVTXDQWRDQiOLVHGH&GHKRUL]RQWHVPHGLDQRVH
DLQGDIRUDPIHLWDVPpGLDVHQWUHFRUGLOKHLUDVPDLVUHFHQWHVHPDLVDQWLJDVGHYLGRjGL¿FXOGDGHGHFiOFXOR
3DUDDVPHGLGDVFRP/,%6IRUDPSURGX]LGDVWUrVSDVWLOKDVGHVRORSDUDFDGDXPDGDVWULQWDDPRVWUDV
1HVWHSUHSDURDVDPRVWUDVGHVRORVSUHYLDPHQWHVHFDVHSHQHLUDGDVVmRSUHQVDGDVFRPWRQHODGDV
2.2. Técnica LIBS
/,%6pXPDWpFQLFDHVSHFWURDQDOtWLFDTXHSHUPLWHDDQiOLVHPXOWLHOHPHQWDUGHXPDDPRVWUDSRUPHLRGH
XPD~QLFDPHGLGD&5(0(56HWDO&RPDIRFDOL]DomRGRODVHUHPXPDSHTXHQDiUHDGDVXSHUItFLHGD
DPRVWUDRFRUUHDDEODomRGHSHTXHQDTXDQWLGDGHGRPDWHULDOSRUPHLRGRDTXHFLPHQWRSURYRFDGRSHORODVHU$
LQWHQVLGDGHGRODVHUpWmRJUDQGHTXHpWDPEpPVX¿FLHQWHSDUDH[FLWDURVHOpWURQVGDVHVSpFLHVDW{PLFDVHL{QLFDV
SUHVHQWHVQRSODVPD&RPRUHVIULDPHQWRGRSODVPDRVHOpWURQVH[FLWDGRVUHWRUQDPDRVVHXVHVWDGRVIXQGDPHQ-
WDLVOLEHUDQGRDHQHUJLDDEVRUYLGDQDIRUPDGHUDGLDomRHOHWURPDJQpWLFDFXMDVIUHTXrQFLDVVmRFDUDFWHUtVWLFDVGH
FDGDHVSpFLHH[FLWDGD$LGHQWL¿FDomRGRViWRPRVGDVDPRVWUDVVHGiSHODLGHQWL¿FDomRGDVOLQKDVGHHPLVVmR
FRQIHULGDVHPEDVHVGHGDGRVe.g. 1,67.5$0,'$HWDO
2HTXLSDPHQWRXWLOL]DGRQDVPHGLGDV/,%6pXPVLVWHPD/,%6GD2FHDQ2SWLFVHHPSUHJDXP
ODVHUGH1G<$*SXOVDGR4VZLWFKHGRSHUDQGRHPP-GHHQHUJLDFRPGXUDomRGHSXOVRGHQV2GLkPHWUR
GRIHL[HGRODVHUpGHPPDSUR[LPDGDPHQWHHDWD[DGHUHSHWLomRpGH+]2HTXLSDPHQWRFRQWDDLQGDFRP
XPGHWHFWRU&&'&KDUJH&RXSOHG'HYLFHGHSL[HOVTXHUHVROYHDIDL[DHVSHFWUDOGHQPFRP
UHVROXomRySWLFDSUy[LPDGHQP2WHPSRGHDWUDVRdelay timeQDPHGLGDpGHVRXVHMDWHPSRHQWUHR
SXOVRGRODVHUHRLQtFLRGDDTXLVLomRGRHVSHFWURHDMDQHODGHDTXLVLomRpGHPVWHPSRGXUDQWHRTXDORGHWHFWRU
&&'¿FDDEHUWRSDUDDTXLVLomR3DUDFDGDDPRVWUDIRUDPIHLWDVVHVVHQWDPHGLGDV/,%6
3. Resultados e Discussão
3ULPHLUDPHQWHIRL UHDOL]DGDDH[FOXVmRGHoutliersSRUDPRVWUD8PHVSHFWUR±FRUUHVSRQGHQWHDXPD
PHGLGD/,%6±pFRQVLGHUDGRoutlierVHRVHXSURGXWRHVFDODUFRPRHVSHFWURPpGLROHYDQGRHPFRQWDWRGDVDV
PHGLGDVIRUPHQRUGRTXHDPDLRULD(PVHJXLGDFDGDHVSHFWURQmRH[FOXtGRIRLVHSDUDGRQDVUHJL}HVGRVHV-
SHFWU{PHWURV2HVSHFWURGHFDGDUHJLmRIRLHQWmRQRUPDOL]DGRSHODFRUUHVSRQGHQWHiUHDHMXQWDGRQRYDPHQWHGH
PRGRDREWHURHVSHFWURWRWDO$SyVDVFRUUHo}HVIRLWRPDGRRHVSHFWURPpGLRSRUDPRVWUD&DGDSRQWRHVSHFWUDO
IRLVXEPHWLGRHQWmRjDQiOLVHGHYDULkQFLD$129$VHQGRFDOFXODGRVRVSYDORUHVSHORWHVWH7XNH\GHFRPSD-
UDomRGHPpGLDV2UHVXOWDGRGRWHVWHLQGLFDVHKiGLIHUHQoDHVWDWtVWLFDVLJQL¿FDWLYDHQWUHXPJUXSRGHDPRVWUDVH
RVGHPDLV
1D)LJXUDpPRVWUDGRRUHVXOWDGRGHVWHWHVWHSDUDDLQWHQVLGDGHGRSLFRQPGH1D,1HVWD¿JXUD
RJUXSRQDFRUD]XODSUHVHQWDGLIHUHQoDHVWDWtVWLFDVLJQL¿FDWLYDGRVJUXSRVQDFRUYHUPHOKDPDVQmRGRVJUXSRV
QDFRUFLQ]D'HVWHPRGRRJUXSRGHVRORVFRPSHGRJrQHVHUHFHQWHGLIHUHVHGRJUXSRGHIRUPDomRPDLVDQWLJD
1RHQWDQWRHQWUHRVJUXSRVGHVRORVFRPLGDGHVSUy[LPDVQmRIRLSRVVtYHODGLIHUHQFLDomRSHORWHVWHHVWDWtVWLFR
HPSUHJDGR
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)LJXUD5HVXOWDGRGRWHVWHGH7XNH\SDUDDLQWHQVLGDGHGRSLFRGH1D,HPQP$VFRUHVIRUDP
HVFROKLGDVDUELWUDULDPHQWH$OLQKDSRQWLOKDGDPRVWUDRVYDORUHVH[WUHPRVGRGHVYLRSDGUmRGRJUXSRVHOHFLRQDGR
QDFRUD]XO
3DUDDYDOLDUVHDFRPELQDomRGHRXWUDV OLQKDVGHHPLVVmRFRQWULEXLSDUDDGLIHUHQFLDomRGHJUXSRVGH
VRORVGHLGDGHVGLIHUHQWHVDSOLFDPRVDQiOLVHGHFRPSRQHQWHVSULQFLSDLV3&$QRHVSHFWURLQWHLURGDVDPRVWUDV
(VWDWpFQLFDSHUPLWHGHWHUPLQDUDVGLUHo}HVGHPDLRUYDULkQFLDGRVGDGRV$FRPSRQHQWHGHPDLRUYDULDomRGRV
HVSHFWURVLQGLFDGDSHODVHWDQD)LJXUDFRLQFLGHFRPR³HL[RWHPSRUDO´GDLGDGHGRVVRORV1HVVD¿JXUDVRORV
PDLVMRYHQVjGLUHLWDHVWmRPDLVGLVWDQWHVGRVPDLVDQWLJRVjHVTXHUGDLQGLFDQGRTXHDFRPSRVLomRTXtPLFD
HOHPHQWDUSHUPLWHDYDOLDUDLGDGHGHVRORV(QWUHWDQWRXPDFRQIXVmRpREVHUYDGDHQWUHVRORVFRPLGDGHVSUy[LPDV
FHQWURGD)LJXUD8PDSRVVtYHOH[SOLFDomRpTXHDLGDGHGRVVRORVGHVWDUHJLmRIRLHVWLPDGDHQmRGHWHUPLQDGD
SHODVWpFQLFDVGHUHIHUrQFLD
)LJXUD'HFRPSRVLomRGRHVSHFWUR/,%6HPWUrVFRPSRQHQWHVSULQFLSDLVXWLOL]DQGR3&$
1HVWHWUDEDOKRPRVWUDPRVTXHDWpFQLFD/,%6HPFRQMXQWRFRPDQiOLVHVHVWDWtVWLFDVSHUPLWHDYDOLDUD
LGDGHGHVRORV8PDSRVVtYHOH[SOLFDomRSDUDHVWHUHVXOWDGRpTXHDFRPSRVLomRGRVVRORVYDULDDRORQJRGRWHPSR
HPIXQomRGDDomRFRPELQDGDGHSURFHVVRVItVLFRVTXtPLFRVHELROyJLFRV8PH[HPSORVmRRVSURFHVVRVHURVLYRV
TXHPRYHPJUDQGHVTXDQWLGDGHVGHSDUWtFXODVGHURFKDVGHXPDUHJLmRSDUDIRUPDURVRORHPRXWUDUHJLmR$VVLP
DFRPSRVLomRGDURFKDGHRULJHPDMXGDDGHWHUPLQDUDIRUPDomRGRVRORGHVWLQRFXMDLGDGHHPWHVHSRGHVHU
HVWLPDGDSHORSHUtRGRHPTXHDHURVmRRFRUUHX
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4. Conclusões
$VVLPFRPRQRWHVWHGHVLJQL¿FkQFLDHVWDWtVWLFDGH7XNH\DDQiOLVHGHFRPSRQHQWHVSULQFLSDLVQRVPRVWUD
TXHDWpFQLFD/,%6WHPSRWHQFLDOQmRVyHPGLIHUHQFLDUJUXSRVGHVRORVGHGLIHUHQWHVLGDGHVFRPRWDPEpPSDUD
DYDOLDUDLGDGHGHVWHVSRUPHLRGDHPLVVmRGRVHOHPHQWRVTXtPLFRVSUHVHQWHVQDVDPRVWUDV([LVWHDLQGDFHUWDFRQ-
IXVmRHQWUHJUXSRVFRPLGDGHVSUy[LPDV(VWDFRQIXVmRSRGHWHUVLGRFDXVDGDSHODWpFQLFDGHUHIHUrQFLDXWLOL]DGD
MiTXHQHVWHVJUXSRVDLGDGHQmRIRLFDOFXODGDPDVVLPHVWLPDGDSRURXWURVJUXSRVPDLVMRYHQVHPDLVDQWLJRV
$OpPGLVVRFRQFOXLVHDLQGDTXH/,%6SRGHWDPEpPGDULQIRUPDo}HVDQtYHLVHOHPHQWDUHVVREUHTXDLV
HOHPHQWRVFRQWULEXHPSDUDFDGDUHJLmRGHLGDGHVVHSDUDGDPHQWH3RGHQGRDLQGDGHWHUPLQDUFRPRRVRORIRLIRU-
PDGRFDVRVHMDFRPSUHHQGLGDDFRPSRVLomRGDVURFKDVGDYL]LQKDQoD
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